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FUM THICKD3ESS MEASURING mmCD AND APPARATUS, AND THIN FUM 
DEVICE MANUFACTORING METIO) AND JM^UFACTURING APPARATUS USING 



BACRGROOND CF THE INVEymON 

The pcesanit invention relates to a method for measuring 
the thickness of optically transparent thin film, and more 
particularly, to a tecimique viierein measurement points are 
automatically determined for measuring the thickness of an 
optically transparent thin film ca a cicxxiit pattern v^hidi is 
formed on a vuaf er and buried tinder an optically transparent 
thin film. Mace particularly, the invention relates to a 
techni<3pie used in a manufacturing line manufacturing 
semiconductor devices onto silicon wafers, or the like, 
vihereby significant measuranent points are determined based 
vpon the premise that they are for measuring the thickness of 
an optically transpainent thin film vihich has undergone 
levelling after the film deposition stage. In addition to the 
foregoing, optically transparent thin films incliade resist 
films and insulating films, and the like, employed in 
manufacturing stages of thin film devices, such as DVD, TFT, 
LSI reticles, and the like. 

Let us consider, for exanple, a CMP ( Chardcal Mechanical 

Polishing) process in a manufacturing line for sanioonductor 
devices. A semiconductor device is manufactuced by forming 
devices or wiring patterns onto a silicon wafer, by poDoesses 



sucil as film deposition, exposure, etciiing, and the like. In 
rec5ent years, in order to adiieve hicfier precision and hi^ier 
density in sucih devices, there have been moves towards greater 
fineness and increased layeiring, \&Lch have resulted ±ci an 
increase in the nuitoer of indaitations in the wafer surface. 
Such indentations in the wafer inpede the li^t e^jposure 
process, vAiich is essential in forming vdxing, and the litee, 
and therefore levelling of the wafer surface is carried out. 
Ihe aforementioned CMP process is used for this levelling 
process, viierein the surface of the rafer is levelled by 
polishing based on chemical and pl^ical actions. CMP is a 
comnonly known technique in the related technological field. 

However, there are many oases in, for exattple, a wiring 
stage in the manufacturing process for a saniconductor device, 
vhere the surface is not oonpletely levelled, even after CMP 
processing. Uie reason for this is non-uniformity of the local 
occupancy ratio of the circuit pattern (pattern surface ratio) 
located in the lower layer of the transparent film. It is 
generally known that there is a correlation between the 
surface area ratio of the circuit pattern located in lower 
layOT of the transparent film and the thickness of the 
optically transparent thin film after processing. A large 
variation in the film thickness after processing this will 
cause problems in the subsequent esj^sure and etching stages, 
and hence the film t±d_ckness must be controlled after CMP 
processing. 



Controlling film t±LLckness ±n CMP is ocffisideaiablY 
probloTBtic. In the prior art, this has generally been 
adiieved by means of procsessing tinne. In other words, a 
polishing rate is calculated from the pol .1 shlng amount as 
derived by measuring the film thickness before and after CMP 
processing, and the polishing time for vArLcii CMP vras actually 
performed, and this calculated polishing rate is supplied as 
feed-back into the next processing time. Furthermore, a method 
may also be employed vshereby the film thickness is controlled 
fcy measuring at predetemnined measuron^t points, in order to 
ocMif izm that the film thickness after processing cotes ra.thin 
a prescribed film thictaiess range, this film thickness 
measui^ement being performed on a pattern formed in the 
peripheral region of the chip, or the liJtoe, (dunmy pattern) 
having sufficient size to be measured satisfactorily by a 
conventional measuring device. However, in this film thickness 
controlling method, the film thidaiess is not measured in the 
irequired position in the middl e of the actual device pattern 
(the actual fine circuit pattern of the product) . 

J^)anese Patent Laid-open No. (Ifei)6-252113 and Japanese 
Patent Laid-open No. (Hei) 9-7985 disclose in-situ measuring 
systems capable of measuring the film thicikness at the device 
pattern. Furthennore, J^>anese Patent Laid-open No. {Hei)9- 
109023 discloses an in-line measuring system for aciiieving 
increased throu^-put by measuring film thickness after 
processing \*rLlst the device is held in water and before it 



has been cleaned. lii J^anese Patent Laid-open No. (Hei)6- 
252113 descadbed above, the spectnm of the interferenoe 
pattern produced by the f jJm fnxn vfeLte light is analyzed with 
respect to frequency, and the absolute value of the thin film 
is calxailated by observiiig the relationship between the 
fneguency coipcxient relating to the spectral waveform and the 
film thlx2kness. Mareover, in J^anese Patent Laid-open No. 
(ifei)9-7985 described above, the change with respect to 
processing time of the Intensity of the interference pattern 
Pi:oduced by the film f rem a laser (single-wavelength source) 
is detected and the film thidmess is calculated frcm the 
frequency oonponent relating to that waveform. 

Moreover. J^anese Patent Laid-open No. {Hei)9-193995 
discloses an in-situ measuring system for detecting a 
pnooessing end point by detecting the extrane position 
(wavelength) of the spectral waveform. 

f^JTthermcjre, J^anese Patent Laid-open No. 2000-241126 
discloses a method for calculating a thin film thickness by 
fitting a detected spectral waveform and a theoretical 
waveform derived frcm a mcdel. 

Furthermosre, Japanese Patent Laid-open No. 2000-9437 
proposed previously by the present ^licants discloses a 
technlxaue v*iereby the film thictaess of a transparent thin 
film on a circuit pattern buried b7 an optLcally transparent 
thin film can be measured, provided that the pattern area 
ratio within the measurement field of view of the film 



thickness measuring device (pattern area of circuit pattern 
occupying the measurement field of view) Is equal to or 
greater than a certain value. In the technique described in 
J^)anese Patent Laid-open No. 2000-9437, it is possible to 
aciiieve precise measuremsnt of the thickness of a transparent 
thin film on the actual circuit pattern of the product, and by 
evaluating the thixiaiess distribution within the chip, it is 
possible to perform accurate evaluation of the film tiiijckness, 
vd.thout requiring es^jertise. 

However, the respective patents disclosed above do not 
<aisclx3se a tednrujue for autcmatically setting measuranent 
points for film thlxdaiess measurement to significant points. 
Desirably, the measurement points for measuring film thickness 
^lould satisfy the follxwing oanditions : (1) enable film 
thirSaiess evaluatixan within wafer surface and within v*ole 
chip (for escanple, evaluation of maximan fUm thic3aiess and 
mininun film thicfaiess), and (2) nmtoer of measurenent points 
should be few (to maintain througl^xit) , but in order to 
determine measurement points satisfying these conditions, the 
<^)eratQr is required to have expertise, and a long period of 
time is necessary for the actual point determining operation. 

Moreover, J^anese Patent Laid-C5)en No. (Hei)8-304023 
discloses a tecimi£|ue vdiereby, in order to oonfiim the 
position at v*iixii measurement is actually made when measuring 
film thickness, measurement point candidate co-ordinates on 
the wafer under observaticai are calculated frcm relative 



positional data for the wafer and ri^xcesentative measurement 
point cso-ordinate values, as derived fixm design information, 
by raovijig the table in sucii a manner that representative 
measurement points in a captured image coincide with 
predetermined, target measurement points. Moreover, JapdDBse 
Patent Laid-c^)en No. (Hei) 6-331320 discloses a tedmigue 
wtereby, in order to confirm the positicai at v*xic±i measurement 
is actually made \^ien measuring film thickness, the optical 
reflectivity in a prescribed region is studied, and the film 
thickness is measured at a position of hi^iest reflectivity, 
this being a region \*iere the portion below the transparent 
film on the face irradiated fcy the lic^t beam is formed 
entirely by an electrode. 

The tectmlques disclosed in J^>anese Patoit Laid-open No. 
(Hei) 8-304023 and Japanese Patent Laid-open No. (Kfei) 6-331320 
are aimed principally at accurately locating the positiOTi of 
the Xf table on wMdh the wafer is mounted, with respect to 
the film thickness measuring device, rather than autonatically 
determining the requdred measurematit points located in the 
actual body of the chip product. In other words, in measuring 
film thickness after CM* processing, it is essential to 
measure the thickness of the transparent film on the circuit 
pattern buried below an optically transparent thin film, and 
if the technique disclosed in Japanese Patent Laid-open No. 
2000-9437 described above is used to perform this film 
thickness measurement, then it is necessary to specify 



locations on the transparent thin f iJm where the dxcuit 
pattern exceeds a prescribed pattern area ratio. However, the 
qperator's task of determiimig a plurality of itiBasurement 
points on the ctoip. by visually observing a microscope field 
Of vifiw or a screen displaying a c^tured iirage, is laborious 
and time-oonsiming. and the measurement points thus detennined 
are not based on objective judgement crltescia. 

Considering, for exanple, a wiring process in a 
semixxMductar device manufacturing process, a ccmpletely flat 
surface often does not result, even ^ cmp processing is 
^lied. Hie reason for this is that the ratio of the local 
plane of the 2^ beneath the film that is occupied by the 
vdring pattern (the pattern area ratio) is not uniform. It is 
generally known that there is a oarrelation between the 
surface area ratio of the pattern located in the lower 1^ 
and the thixJaiess of the film after processing. 

If there is a large variation in the film thickness after 
processing, this vdll cause defects in the subsequent es^wsure 
and etching steps, and hence the film thickness must be 
controlled after processing. 

Japanese Patent i^licatim Laid-open No. 2000-9437 

discloses a technique which permits sufcmicton-ordgr 
ireasurement of the film thickness on a device pattern, in 
order to evaluate the variation in the film thickness. The 
film thickness is detenmned by frequency analysis of detected 
spectral data. However, in this method, if the film thickness 



to be measured is small cxnpared to the detectim wavelength 
band, then it beccmes difficult to measure the fUm thickness. 
Neverthel^s, Japanese Patent Laid-open No. 2000-241126 
discloses a method fcxr measuring film thickness by fitting, 

is ^licahle to films of relatively aiall film 
thixdcness also. However, in the technology thus disclosed, in 
cases v*ere the thidkness of a thin film f anoed on a finely 
detailed pattern is being measured, the measurement accuracy 
is affected greatly by the pattern density, and haice the 
method cannot be used for hi^-precision measuraient vjitH 
lespect to a variety of patterns. 

•Hiecefare, it is an object of the present invention to 
Pn>vlxae a film thixd<ness measuring itethod and ^paratus based 
cm fitting, v4ieE*y film thickness can be measured even with 
respect to finely detailed patterns, and a thin film device 
manufacturiiig method and manufacturing ^iparatus using same. 

Moreover. Japanese Patent AppUcaticai Laid-open No. 2000- 
9437 discloses a method ^Aierein acxxirate evaluation of film 
thickness can be adrieved vri.thout great proficiency, by 
evaluating the film thickness distribution within a ciiip. 

However, in order to evaluate the film thickness 
distribution in the ciiip, for exanple, to measure 10 x 
100 points, it has been necessary for the cperator to set the 
positicais of the 100 measur^rKut points. 

Iherefore. it is a further object of the present 
iitvention to provixie a method and ^paratus for autaiatically 



detemiming measurement points, and to provide a method and 
^paratus for manufacturing a thin fUm device usinq sate 



in 



SCMCVRy OF THE INVH^CN 

Tbe present inventixjn vras devised vjith the f cjoregoing 
view, and in the method aocxKding to the present invention, 
firstly, measurement points are determined for perfoEnnlng fito 
thickness measurement in order to measure the thickness of an 
optically transparent film famed so as to cover a circuit 
pattern formed on a substrate, the film thickness is then 
determined by successively measuring at the measurement points 
thus determined, and the distribution of the film thickness on 
the substrate, or on cirips farmed severally on the substrate 
is derived. 

In other words, in the present inventicxi, light is 
irradiated onto a partioilar ciiip of a plurality o£ cSiips on a 
wafer f ornred with a plurality of cfiips v*ere«i a circuit 
pattern and an optically transparent thin film for covering 
said circuit pattern are formed respectively; the light 
reflected bjr the particular chip region of said wafer due to 
said irradiated light is detected; measurement points for 
measuring the film thixikness of said opticaTLy transparent 
thin film on said wafer are determined by using information 
for the sfpectral waveform data of the reflected light thus 
detected; and the film thickness of said optically transparent 
thin film at said measurement points is measured, by 



sucx^essively iJ3:adiatmg licfit onto the measurEiifint points 
thus determined. 

Furthermore, in the present invention, li^t is 
irradiated onto a portion of a wafer v^eceon a circuit pattern 
and an qpticaliy transparent thin film for coveadng said 
circuit pattern are farmed respectively; the light reflected 
by said portion of said wafer due to said irradiated light is 
detected; regions ^*iere the thickness of said optically 
transparent thin film on said wafer can be measured are 
determined, by using Infomation for the spectral waveform 
data of tlie reflected light thus detected; and the film 
thirfaiess of said qpticaUy transparent thin film in said 
regions v4iere the film thickness can be measured is measured, 
by irradiating light onto the regions where the film thickness 
can be measured thus detennined. 

Moreover, in the present invaition, light Is irradiated 
onto a partiailar ciiip of a plurality of chips on a wafer 
formed with a plurality of chips vAiereon a circuit pattern and 
an optically transparent thin film for covering said circuit 
pattern are formed respectively; the light reflected by the 
particular dilp region of said wafer due to said irradiated 
light is detected; a plurality of measuraient points or 
regions for measuring the film thictoess of said optically 
transparent thin film on said wafer are determined by using 
information for the spectral waveform data of the reflected 
light thus detected; the film thickness of said optically 
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t3:ansparmt thin film at said plurality of measumnsnt points 
or regions is raeasured, by sucjcsessively irradiating licjtit onto 
the plvDcality of neasunanent points or regions thus 
determined; and the distribution of the film thickness of said 
c^tiral 1y transparent thin film frcm the information for the 
film thicikness of the optically transparent thin film thus 
measured. 

In order to achieve the object of film thickness 
msasurement by fitting, in the present invention, a new model 
is hypothesized. That is, in cases vshere the dimension of the 
pattern fanned on the sample being measured is equal to or 
smaller than the wavelength of the li^t used for measurement, 
a boundary region \f4iLcii accounts for the pattern edge region 
(pattern st^ region) is established, and the effects of this 
boundary region in fitting are taken into consideration. 

Moreover, in order to acMeve the object relating to 
selection of film thickness measuronent points, measurem^t 
points having prescribed conditions are determined 
asutcmatically on the basis of the design information, the 
measurement point periphery image, and the spectral v^avefom 
detected at the measurement points . 

Furthermore, the processing conditions of the respective 
processing ^]paratuses in the semiconductor device 
manufacturing line are controlled on the basis of the film 
thickness information measured to a hi^ degree of accuracy by 
the aforementicMied fitting method. 
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BRIEF DESCRIPnai OF TOE DRAWINGS 

Fig. 1 is an esj^xLanatory diagran showing one example of a 

Sfpectral vevef orm detected in a negicxx viieaie film thickness 

measurement is possible; 

Fig. 2 is an e35)lanatory diagram showing me example of a 

spectral wa^^ef oim detected in a i^egion v^here film thickness 

measurement is not possible; 

Fig. 3 is an explanatory diagram s(howing cxie example of 

the results of frequency analysis of a spectral waveform 

detected in a region Xf^here film thickness measurement is 

possible; 

Fig. 4 is an esqplanatory diagram showing one exanple of 
the results of frec|uency analysis of a spectral waveform 
detected in a region vAiere film thickness measurement is not 
possible; 

Fig. 5 is an ejqjlanatory diagram showing one exanple of 
detecting the maximum value of a spectral waveform detected in 
a region vtere film thickness measuremBnt is possible; 

Fig. 6 is an explanatory diagram showing one exanple of 
detecting the maxiinLin value of a spectral waveform detected in 
a region ^A*)ere film thickness measurement is not possible; 

Fig. 7 is an explanatory diagram showing coe exanple of 
fitting a logical waveform with respect to the spectral 
waveform detected in a region where film thickness measurement 
Is possible; 

12 



Fig. 8 is an e3q)lanatory diagcam showing one exaitple of 
fitting a logical \f<evef orm with respect to the spectcal 
waveform detected in a region v*iere film thickness iteasurement 
is not possible; 

Fig. 9 is an explanatory diagram showing one example of a 
measurement point investigation procedure according to an 
enixxaixoent of the paiesent invention; 

Fig. 10 is an e35)lanatory diagram showing one exanple of 
a measurement point investigation procedure according to an 
entoodiment of the present invoition; 

Fig. 11 is an esqplanatory diagram showing one example of 
a measurement point Investigation procedure according to an 
embodiment of the present invention; 

Fig. 12 is an esqplanatory diagram showing one example of 
a measurement point investigation procedure according to an 
enixxiiment of the presait Inventirai; 

Fig. 13 is an esplanatory diagram showing one example of 
a measurement point investigatLm procedure according to an 
embodiment of the present invention; 

Fig, 14 is an e55)lanatory diagram showing one exanple of 
a measurement point investigation procedure according to an 
embodiment of the present invention; 

Fig. 15 is an e5q)lanatory diagram shownng one exanple of 
a film thickness measurement point investigate display 
according to an enibodiment of the present invention; 

Fig. 16 is an explanatory diagram showing one exanple of 

13 



a f Um thickness measuranent point investigate display 
according to an enixxliinent of the present invention; 

Fig, 17 is an esqplanatory diagram showing one exanple of 
a film thicSmess measurement point investigate display 
aooording to an embodimmt of the present inventions- 
Fig. 18 is an es^Oanatory diagram showing one exanple of 
provisional ref erencse it©asurement points before film thictoess 
neasurem^t point investigation acxxxrding to an enixxlunesnt of 
the present invention; 

Fig. 19 is an e55)lanatory diagram showing one example of 
the results of determining film thidaiess measurement points 
aocxardong to an embodimmt of the present invention; 

Fig. 20 is an explanatory diagram showing one exanple of 
an operating scareen for axitcmatically determining film 
thickness measurement points aooording to an embodixnait of the 
preset invention; 

Fig, 21 is an ej^lanatory diagram jshowing one exatrple of 
a window scre^ for ccxif irming tte provisiOTal reference 
measurement points set according to an onbodiingnt of the 
present invention; 

Fig. 22 is an ^lanatory diagram showing one example of 
a measuranent point (tetermining process using image processing 
according to an entoodimmt of the present invention; 

Fig. 23 is an explanatory diagram showing one example of 
a measurement point determining process ijsing image processing 
according to an eirbodimait of the present invention; 
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Fig. 24 Is an eKplanatory diagram stiowing one exanple of 
a measuronent point deteiininiiig pococess xasing image processing 
ac5CX)rcLLng to an eitixxliinmt of the present invention; 

Fig. 25 is an e5?)lanatozy diagram sflbowlng one exanple of 
a measurement point deteanining process using image processing 
according to an eirix)diment of the present invention; 

Fig. 26 is an e55)lanatory diagram sluowing one exaaple of 
a measurement point determining proems using Image processing 
according to an enixxiiinmt of ttie present invention; 

Fig. 27 is an explanatory diagram shCMing one exanple of 
a measurement point determiniiig process using image pcocessing 
according to an entx^diment of the present invention; 

Fig. 28 is an egq^lanatory diagram shcxdng one exanple of 
a measurement point determining process using iinage processing 
acconaing to an embodiinait of the present invention; 

Fig. 29 is an esplanatory diagram sbomng one exarnple of 
a measurement point determining pax)cess using image p3X>cessing 
aooorrling to an embodiment of the present invention; 

Fig. 30 is an e5q)lanatory diagram showing one example of 
a method for determining a small nurber of measurement points 
for controlling film thickness according to an entoodiment of 
the present invention; 

Fig. 31 is an esplanatory diagram showing one exanple of 
the results of detennining a small number of measurement 
points for controlling film thickness according to an 
entoodiment of the present invention; 
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Fig. 32 is an es?)lanatciry diagram principally shosmig the 
ocnpoeituan of an optixsal measuring system for a film 
thix3kness measuring device according to an entDodiment of the 
present invention; 

Fig. 33 is an ej^xLanatory diagram showing one exatple of 
a manufacturing line for thin-fiJm devices, enplqying a film 
thickness measuring device executing a film thickness 
HBasurement point detemiinlng method acconiing to an 
eniboddment oE the present invention; and 

Fig. 34 is an e35)lanatory diagram showing one exatple of 
a parallel-pEDoessing CMP system, employing a fitoi thickness 
nieasuring device executing a film thicJcness neasuzement point 
determining method according to an ei*odiment of the present 
invention. 

Fig. 35 is a sectional view of a mLati-layer film; 

Fig. 36 is a sectuanal view of a measurenent object which 
cocrbines a plurality of layer structures; 

Fig. 37 is a sectional view of a measurement object ^AiitSi 
oonibines two layer structures; 

Fig. 38 is a front view showing the ^iproximate 
oonposition o£ a condensing type pptioal detection system of a 
film thickness measuring apparatus according to the present 
invention; 

Fig. 39 is a fixmt view showing the proximate 
ocmposition of a condensing type optical detection system of a 
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film thickness measuring apparatus ac3c»rding to the present 
InventiCTi; 

Fig, 40 is a plan view of a pattern showing the 
relationship between the measurement f ieM of view and a 
pattern having larger dimansions than the detection 
wavelength; 

Fig. 41 is a sectional view of a pattern illustrating a 
model equation setting method for a pattern having larger 
diniensions than the detection wavelength according to the 
present invention; 

Fig. 42 is a plan view of a pattern showing the 
relationship betv\^^ the measuransnt field of view and a 
pattern having smaller dunaisions than the detection 
wavelength; 

Fig. 43 is a sectional view of a pattern illustrating a 
model equation setting method for a pattern having smaller 
dimensions than the detection wavelength according to the 
present invention; 

Fig. 44 is one exanple of calculation accuracy evaluation 
results for the surface area ratio calculated in the present 
invention, being a graph, showing the relationship between the 
calculated surface area ratio and pattern surface area ratio 
within the measurement field of view; 

Fig. 45 is a graph showing the relationship between the 
absolute value of the measurement error and the pattern 
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surface area ratio in the measurement field of view acxxxrding 
to the pcesent invention; 

Fig. 46 is a graph showing the relationship between 
reflectivity and wavelength, illustrating ooe example of 
results in a case vtece the boundary structure is takeaci into 
ocMisideration, according to the present invrntion; and 

Fig. 47 is a block diagram showing one exsample of the 
ocnposition of a semioonductar device manufacturing line 
viiereln the film tiiickness measurement results according to 
the present invention are reflected in the process conditions. 

DESCRIPTICN CF THE PI^EFEI^RED EMBCDIMEWIS 

The entxxiixnent of the present invention relates to an 
example v*iere the present inventicxi is applied with respect to 
CMP in a nanuf acturing process for a semiconductar device and 
is used to ocxitrol film thickness after processing of a film 
formed on a \vafer surface. 

Firstly, the method of measuring film thickness by 
fitting will be described- 
Fitting has been used conventionally for measuring film 
thickness, a^jposing a film ccnprising a plurality of layers 
and having a uniform structure in the measuronent field of 
view, as illustrated in Fig. 35, th^ provided that the film 
thickness and the material (refractive index and absorption 
coefficient) of each layer is already toown, the surface 
reflectivity Rj of layer J is es^xressed by the logic eguatican 
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shown in Formula 1. In other wan3s, tha surface reflec±ivity 
of the f iJin can be detenrdued by progressive explication of 
FoCTulfl 1, starting fran the botton layer. 
[Formula 1] 



-Imldj-!- 



1 + r Re ^ 



Rj : surface reflectivity of jth layer 

rj : interface reflectivity of jtii layer 

nj : refractive index of jth layer (ccnplex refractive 

index) 

dj : film thickness of jiii layer 

^I^erefore, a logical refractive index is calculated, 
taking the film thickness of the measurenent object as an 
unknown value, and the film thickness can then be derived by 
resolving this unknown value in sucii a manner that the error 
between the logical refractive index and the actually detected 
refractive index is a miniman. m some cases, the material of 
the film m^ also be set as an unknown value, in addition to 
the film thicSsness. 

However, since it is hiypothesized that the layer 
structure within the measurement field of view is uniform, 
this method cannot be ^lied to cases where the layer 
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structure vd-thln the measurement fleU of view is not uniEonn. 
In order to be able to measure film thickness in cases v^iere 
the laser structure within the measuremsnt field of view is 
not uniform, it is necessary to hypothesize mcx3els in the form 
of logic equations v*iecein a plurality of layer structures are 
ocnibined. 

Here, it is supposed that two layer staxictures as shown 
in Fig. 37 are ocxrbined. Fig. 37 is a scheroatic diagram of the 
cross-secticoi of the film to be measured. 

TSie logic equation differs aooorxling to the optical 
J^' detection systen and the ocmplexity of the mBasuremont pattern. 
5; Firstly, a condensing optical system as illustrated in Fig. 38 
g win be CCTisidered. Uie li^t from the licfit source 103 is 
f|f fbrmed into parallel li^it by the lens system 105 and 
Q irradiated onto the sattple 101. The reflected light from the 
sanple 101 is condensed by the lens system 105. A spatial 
filter 106 is provided at this position and transmits only the 
0^ cxrder ligSit caiponent of the reflected li^t. ^Sob sfpatial 
filter 106 has the effect of eliminating li^t scattered at 
the surface of the sample, and li^t diffracted by the pattern. 
Kie lic^it passed by the spatial filter 106 is formed again 
into parallel li^t by the lens systen 107, and is then 
focused by the lens system 109 and split by a beam splitter 
110, vAiereby spectral data can be obtained. In this case, by 
inserting a field of view aperture 108 between the lens system 
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107 and tiie lens system 109, it is possible to set a detection 
region of a desired size. 

In the case of this optical systan, only tlie forward 
reflected li^t from the ireasurement field of view is f ocussed 
at one point, and hence the inodaL equation is that shown in 
Fomula 2. 

[FoCTMla 2] 

\R\' -\a,R,^-a,R,\ 

\diere 

ai : surface area ratio of first layer structure in 
raeasuronent field of view 

a.2 : surface area ratio of second layer structure in 
measurement field of view 

Ri : surface area reflectivity of first layer structure 

alone 

R2 : surface area reflectivity of second layer stnacture 

alone 

Next, an image fanning systena sudi as that illustrated in 
Fig, 39 is considered as the optical system. The li^t emitted 
from the liefbt source 203 is irradiated onto the sample 201 
via an object lens 220. The li^t reflected from the sairple 
201 is f ocussed again via the lens system 211 - 213. By 
inserting a field of view ^)erture 208 at this focusing 
position, it is possible to set a detection region of a 
desired size. 
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The li^t is split by a beam splitter 210 and spectral 
data thereof is obtained. In this case, a spatial filter 206 
is provided cxi the Fourier transf ounation face of the l^is 
system 211 - 213, and by only transmitting 0^ order licfit, it 
eliminates the effects of scattered li^t from the surface of 
the sartple, and li^t diffracted by tiie pattern, as above, 

HyB model equation in the case of this optical syston 
differs according to the size of the pattern being measured 
and the repetition mdth. 

If the size of the pattern being measured and the 
repetition width are both sufficiently large in comparison to 
the detection wavelength, for exanple, if a repeated pattern 
115 having a size of several \m as illustrated in Fig. 40 is 

measured in a measurement field of view of cp 10 \m diameter, 

using a detection wavelength band of 400 - 800 nm, then the 
model equation will be as shown in Formula 3. 
[FoQjnula 3] 

When measuring a pattern of the ocder of several pin or 

above, as illustrated in Fig. 40, it is possible to consider 
the iiespective layer structures as independent structures 
41). In other words, in this case, it can be considered that 
there will be no interference between the reflected li^t from 
different points on the same plane, and hence the mcdel 
equation. Formula 3, applies weightings to the surface 
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reflectivity valije for eadh respective independent l^er 
structure, acxxording to the ratio ooa?)ied by the 
oarEesponding layer in the measurement field of view (pattern 
area density values, ai, aa) , and then adds together these 
reflectivity values. 

Qti the other hand, in cases where the size of the pattern 
to be measured, or the repetition width, is equal to or less 
than the detectixxi wavelength, for exatple, if measuring a 
repetitixjn pattern 118 of size 1 f«n or less as illustrated in 

Fig. 4 in a measurement field of view of (p 10 jmi di ameter, 

using a detection waw*and of 400 - 800 im, then in contrast 
to the case illustrated in Fig. 40. the respective l^er 

structures cannot be consixaered each as independent structures. 

In the case illustrated in Fig. 42, it is necessary to 
cxHisixaer an intennedlate mcxSel equation between the two models 
shown in Fig. 37 and Fig. 41. In other wanSs, it is necessary 
to consider the boundary stnxJture **iere the two structures 
are ocMtoined, in addition to the respective independent layer 
strTx:tures. it Is hypothesized that, in this boundary 
structure, there is mutual interference betwe^ the reflected 
light fcon different spatial positions. The model equation for 
the totality of the reflected light can be derived by adding 
wei^tings to the respective structures (including the 
boundary structure) according to the surface area ratio of 
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eacii in the measurenent field of view, and then finding the 
sun thereof, as in the model equation shown in FannxLa 4. 
[Formula 4] 

\R\" =a,\R,f ^a,\R,\' ^a,,\R,,\' 
viheEB 

Ri2 : surface area reflectivity of boundary layer 
structure 

bi : surface area ratio of f ixst layer structure in 
boundary structure 

b2 : surface area ratio of second layer structure in 
boundary structure 

By adopting the equation above as the nodel equation for 
fitting, according to the circtmstances, it is possible to 
determine the prescribed film thickness • 

In addition to the film thickness, it is also possible to 
set, as the parareter for fitting, the material of the film, 
or the surface area ratio of the respective layer structures 
in the measurement field of view. 

Desirably, the surface area ratio of each layer structure 
is set in advance. However, situations viiere error arises in 
the calculation results can be imagined if there is a 
difference between the set surface area ratio and the actual 
surface area ratio, due to misalignment of the measuranent 
field of view, or the like. Therefore, if the surface area 
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ratix) is to be derived as a paraneter of tjhe fitting method, 
then it does not need to be set in advance, and fartherrnoire, 
the occurrence of error due to positional misalignment, or the 
like, can be prevented. 

If the film material is set as the parameter, then an 
^ppcoximaticn equation such as the CaudhY equation shown in 
Formula 5 vM.ch incorporates inf ornBtion relating to the 
material (refractive index, absorptiai coefficient, and the 
like) should be used. 
[Fornula 5] 

n =«o/A° +«i/A^ -^n^l)^ +n^/)^ +n^l}^ 

n^k^ fk' + k, / A' + k^ /A^ + k^ / A' + k^ / A' 
where 

A : wavelength 

n : refractive index 

no - Hj : coefficiait {refractive index) 

k : absorption coefficient 

ko - k4 : coefficient (absorption coefficient) 
Generally, the method used to determine a parameter by- 
fitting is the 'method of least squares' . If the model 
equation is cotplex. as in Formula 2 to Formula 4, then in 
many cases , a non-linear method, such as the Raberiberg 
Maoquart method, or the like, is adopted. 

Furthermore, even in cases where the number of conbined 
layer structures is three or more, the present equations can 
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stLLL be used to detentdne the f Um thicikness of a particular 
fUm. If Fomula 2, Fomula 3 and Fomula 4 are eaqanded and 
standardized in the case of three or mace layer structures, 
then the resulting equatirais are as sihown respectively In 

[0043] 

[Foxnula 6] 

m : nurber of structures 

An : surface area ratio of irttti layer structure in 
measurement field of view 

: surface reflectivity for mth layer structure alone 
[Fornula 7] 

[Formula 8] 
vitiere 

apq z surface area ratio of boundary structure between pth 
and pth layer structures in measurement field of view 

: surface reflectivity of boundary structure between 
pth and qt±i layer structures 
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aoww : surf acse area ratio of boundary structure of three 
structures, the uth, vth and wth layer structures. In the 
neasureiirait field of view; 

Ruvw 2 surface reflectivity of boundary structure of three 
strxxTtures, the uth, vth and wth layer structures 

hp : surface area ratio of pth layer structure in bouiKSary 
structure between pth and qth layer structures; 

b^ : surface area ratio of qth layer stmcture in boundary 
structure between pth and qth layer structures; 



g bia : surface area ratio of uth layer structure in boundary 

m 

ff structure between three stnxftures, the uth, vth and wth layer 
i structures; 

hsr : surface area ratio of vth layer structure in boundary 
structure between three structures, the uth, vth and wth layer 
structures; 

bt, : surface area ratio of wth layer structure In boundary 
structure between three structures, the uth, vth and wth layer 
structures; 

Desirably, the niiriber of parameters to be fitted is small, 
as they affect the calculation time and the calculaticxi error. 
However, in the case of three structures or mcxce, and 
particularly, in the case of Formola 8, the nuriber of 
parameters is very hi^. The overall number of parameters can 
be reduced by ignoring factors ^^ch have little influence, 
such as structures occt^^dng a very small surface area ratio 
in the msasurement field of view, or, i£ one film thickness is 
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to t)e derived as a functicai cxantaining another film thickness 
as a variable, by intixK3ucing the afoocanmtiOTed function 
instead of the film thickness as a fitting parameter. 

Fig. 46 shoMs a ocmparisai. between a case vtere the 
boundary structure is considered, and a case \*iere it is not 
consitaeced, vSien detecting li^t frcm the measurement object 
illustrated in Fig. 37 by means of li^t of the same waveband. 
As Fig. 46 reveals, by taking the boundary structure into 
consideration, the error bet^i^en the detected value and the 
logic value is reduced. 

Althoucfi it also depends on the structure of the 
measurement object if the boundary structure is taken into 
oonsidemtion, it is possible to obtain a measurement accuracy 
of 10 iin or less for an object of the order of 100 nm, or if 
the canditlxxis are adjusted, a measurement accuracy of 
approKiinately 1-4 nm. If the boundary structure is not taken 
into consideration, then for the reasons stated above, the 
measurement accuracy declines and the error rises from the 
apprtfidmately 10 - 20 nm to several 10 nm, and in the worst 
cases, fitting to the detected value becomes litpossible and 
measuronent cannot be performed. 

As the raeasurennent object becomes smaller vd-th respect to 
the detection waveband, the ratio of the raeasuranent field of 
view occipied by the boundary region increases, "jnierefore, 
when measuring film thickness in finely detailed patterns of 1 
|xm or less using an imaging optical system, it is irrperative 
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that the boundary structure is talcen into consideration in the 
fitting calculation. 

Nejct, a method is described for determining measurement 
points for measuring film thickness of a transparent thin film 
on a circuit pattern burled under an optically transparmt 
thin film, mth respect to a wafer vjhicii has undergone a CMP 
stage in a semiccxiductor device manufacturing process. 

In Japanese Patent Laid-open No. 2000-9437 described 
above, it is disclosed that the film thicikness distribution in 
a dhip can be determined by utilizing the fact that the film 
thicikness can be measured in any part of the pattern, provided 
tiiat the pattern area ratio within thb measurement field of 
view is equal to or above a certain value. By using this 
method, even an operator of little expertise is able to 
evaluate the film thickness distinbution within the chip or 
wafer, accurately, (for detailed description of the film 
thicikness measurement method, and the like, see Japanese 
Patent Laid-open No. 2000-9437.) However, in the technique in 
J^)anese Patent Laid-open No. 2000-9437, if, for exattple, a 
chip is being measured at a total of 10 x 10 = 100 points, 

then it has been necessary for an operator to determine eacii 
respective measurement point. 

In one oribodiment of the preset invention, the ligiit is 
irradiated onto a vefer surface, the li^t reflected froti the 
wafer is detected, and measuranent points for measuring the 
film thickness are determined on the basis of the spectral 
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waveform data of the reflected li^t thDus reflected. Details 
of this method are described below. 

In automatically determiiung measurement points for 
measuring the film thickness of a transparent film on a 
circuit pattern burled under an optically transparent thin 
film, it is necessary to judge viiether or not a measurement 
point is over the prescribed pattern and has a pattern area 
ratio that is sufficient for performing msasuremsnt. TMs 
judgement is made by analyzing the spectral waveform detected 
in the proposed measuremmt region. 

Spectral waveforms detected in regions vAiere measurement 
is possdLble have respectively different c±iaracteristics fron 
those detected in regions v*iere measurement is not possible. 
For example. Fig. 1 and Fig. 2 respectively show typical 
examples of spectral waveforms detected in a measurable region 
and a non-measurable region, in the case of a sample viiich has 
undergone a CMP stage in an LSI wiring process. Fig. 1 shows 
spectral wavef am 1 for reflected li^t fron a measurable 
region, and Fig. 2 shows spectral waveform 2 for reflected 
li^t from a region that is troublescxne to measure. 

Hie diaracteristic of the waveform in Fig. 1 is a 
waveform ccnpclsing a siperlmposed low f reqioicy ccraponent and 
high frequency cotrpCTient. Qci the other hand, the 
characteristic of the waveform in Fig, 2 is that the high 
frequency component in Fig. 1 is dominant and the low 
frequency coiponent is scarcely discemable. This disparity is 
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due to the difference betweai a case vshere the interference 
conponent psroduced fcy the reflected l±^t from the pattern is 
doninant, and a case viiere the interference conponent produced 
by the reflected li^t frxxn the lower layer is dcnrmant, 

Hiis difference in waveform diaracteristics can be taken 
as a diffenaice in frequency conpanents. Therefore, by 
frequency analysis of the wavef oim, the characteristics can be 
extracted and it can be judged Whether or not measuremait is 
possible. Item 3 in Fig. 3 and item 4 in Fig* 4 indicate the 
results of frequency analysis relating to Fig. 1 and Fig. 2, 
respectively. As a method for detennining vjhether or not 
measurement is possible fron these results, it is possible, 
for example, to calculate the ratio between the intensity 5 of 
the hi^ frequency conponent and the intensity 6 of the low 
frequency conponent in Fig. 3, compare this ratio vath a 
predetermined threshold value, and designate the region to be 
measurable if the ratio exceeds the threshold value, and 
designate it to be ncxi-msasurable if the ratio does not exceed 
the threshold value. 

MDreover, as shown in Fig. 4, it is also possible to 
conceive a method vtereby the intensity of the hi^ frequency 
conpon^t is compared with a predetermined threshold value 7 
and the region is designated as measurable if the intensity 
exceeds this threshold value, and non-measurable if it does 
not. Finequency analysis methods, such as FFT (Fast Fourier 
Transform) , MEM (Maximum Entropy Msthod) , and the like, may be 
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used for analysing the li^t frequency. 

Furthennore, instead of frequency analysis, it is also 
possible to adopt a judgement method based cxi extnacting the 
periodicity of the waveform, by calculating the seLE- 
oorzelation ftnction thereof. 

A method such as that illustrated in Fig. 5 and Fig. 6, 
v*dGh does not relate to waveform periodicity, mi^t also be 
adopted. In this method, for exanple, the maximan values 8, 9 
of the waveform are extracted, and judgement is made by 
ocxnparing the magnitude of the variaticxi in these maxima with 
a predetermined threshold value. More srpecdfically, since the 
spectral waveform for a region where film thickness 
measuremmt is possible has a large low frequency ocraponent, 
thai the variation in maxima will be large in the case of a 
measurable region, and conversely, this variation will be 
small In the case of a non-measurable region. 

Furthentore, if the structure to be measured is already 
known, then a method can be adopted v^iLcti judges msasuremsnt 
points by means of fitting with respect to a logical was/eform. 
For esxanpl^, this judgement can be made by fitting a logical 
spectral waveform calculated from the structure situated over 
the pattern only cxito the detected spectral waveform, 
it is also possible to conceive of a method viierein previous 
values for the film thickness of the structure to be measured 
are known and a range including these values is set, waveform 
fitting is performed within this ran^, and the region is 
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designated as measurable if the fitting error (for essarrple, 
the square-sim of the error between the two wavefoxitis) is 

equal to or less than a certain threshold value, and otherwise, 
it is designated as non-measurable. Fig. 7 and Fig. 8 show 
ejcamples of cases viiere v?avelengt±i fitting has been performed. 
In Fig. 7, the error vn.th respect to the fitted wavefonn 10 Is 
relatively snail, viiereas in Fig. 8, this error is large. 

Fig. 32 principally shows the ccnpositlon of an optical 
measurement Sfystem of a measuring device for performing 
K judganent by detecting and analysing spectral waveforms. This 
^ measuring device is also used as a film thickness measuring 
UJ In practice, the film thickness measuring desa.ce also 

III corprises an xy stage, a stage drive systen, li^xit operating 
g sectim, and a control section for contn^lling the iwhole 
rij device, and the like, but these conponents are onitted fran 
Q the illustratian in Fig. 32. 

? y 

In Fig. 32, nuneral 50 denotes a wafer, 51 is a v*iite 
li^t source consisting of a halogen lanp, or the like, 52 is 
a pin hole, 53 is a beam splitter, 54 is a lens, 55 is an 
aperture, 56 is a diffraction lattice, 57 is a detector, 58 is 
a processing circuit, and 59 is a display device. 

White li^t emitted fron the vAiite light source 51 passes 
throucji the pin hole 52 and beam splitter 53, is converted to 
parallel li^t rays by the lens 54 and then passes thrxxi^ the 
^Jerture 55, vvhere it is irradiated onto the film to be 
measured on the surface of the wafer 50. The light reflected 
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ty the wafer 50 passes througli the aperture 55 and lens 54, 

the ligfit path thereof is then changed by the beam splitter 53, 

and it is irradiated onto the diffraction lattice 56. The 

light sfplit by the diffraction lattice 56 is focused on the 

(tetector 57, whereby the spectral waveform thereof can be 

derived. The processing circuit 58 executes judgemait 

processing by means of a jxadgement algorithm such as the 

foregoing, and the jiiagement results and spectral wavefomi 

data can be viewed on the display device 59, as and when 

necessary. The judgemmt results are stored in storing means 

(not illustrated) in correspondence with co-ordinate values 

from a reference position on the ciiip, as derived by referring 

to the movement position of the xy stage on which the wafer 50 

is mounted. 

Next, a method for autcmatically investigating and 
determining measurement points cai the basis of the 

aforementioned judgenfient method will be described. For exarple, 
as illustrated in Fig. 18, in the case of measuring the film 
thickness at 10 x 10 = 100 points on cxie chip, the respective 
provisicMial reference measurement points 12 that are 
previously set are not necessarily measurable points. 
Therefore, If a provisional reference measuranent point 12 is 
in fact a non-measurable point, then it is necessary to set a 
measurable point located adjacently to the provisional 

reference measurement point 12, as a measurement point. In Fig . 

18, numeral 21 indicates an image of one chip. 
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Fig. 9 - Fig, 14 are diagrams showing exanples of a 
procsedure for investigating measuremsnt points. Fig. 9 and Fig. 
10 illustrate cases vjhere the spec3tral waveform is detected 
successively at respective points, and ireasurabllity is judged, 
by setting the nuttoer of investigate points and the interval 
between Investigate points in the horizontal direction X and 
vertical direction Y. 

Fig. 9 illustrates a case wiiere a total of 15 points, 
namely, 5 points in the X directicxx spaced at interval dX and 
3 points in the Y direction spaced at interval dY, are 
2 investigated, ^4>eEeln, firstly, a reference m3asurement point 

iil ^ investigated (the spectral vjavefbrm thereof is detected 

W 

III a^id jiadged) , vjherei:^n the investigation is continued in 
successive fashion starting from points adjacent to the 
refermce mBasurement point 12. 



Mj In the case of Fig. 10, a total of 25 points are 

II 

investigated, five eacii in the X and Y directions, at 
respective intervals of dX and dY, a provisional reference 
measurement point 12 being investigated (by detecting and 
judging the spectral vracveform thereof) first, vsherecpon the 
respective points are investigated successively in square 
spiral fashion f ran the provisional reference maasurement 
point 12. 

In the respective cases of Fig. 9 and Fig. 10, it is also 
possible to set the first point jixlged to be measurable as a 
result of the investigation, as the measurement point for 
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measuring tiie film tlxLckness, halting any investigation of 
subsequent points, or alternatively, it is also possible 
f icstly to detect and Judge the spectra of all of the 
investigation points, and then to set the most suitable point 
fron the judgement results, or the nearest measurable point to 
the provisional reference measurement point 12 (or provisional 
reference measuremant point 12 itself if it is a measurable 
point) , or the point viiicii best satisfies bolii conditions, as 
the measurement point for performing film thickness 
nieasurement. Biis applies similarly to the cases of Fig. 11 to 
Fig. 14 below. 

Furthermore, if the spectral detection and judgement 
processes can be performed at hi^-speed, then it is also 
possible, as shown in Fig. 11, to perform spectral detecticn 
and judgement in real time by performing cQntiniK>us 
investigation following a square spiral path sucii as that Fig. 
10, instead of performing intermittent investigation as 
described in Fig. 9 and Fig. 10. 

Fig. 12 - Fig. 14 illustrate cases where the processing 
performed ±a a square spiral fashion in Fig. 10 and Fig. 11 is 
conducted in a circular spiral fashion. Fig. 12 illustrates an 
exarrple v^iere resfpective points previously determined at 
intervals of dB otl a path of travel are investigated in an 
intermittent fashion, and Fig. 13 illustrates an exanple where 
respective points previously determined at intervals of a 
movement distance dl on a path of travel are investigated in 
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an interacLttait fashicxi, Mbrecfvei:, Fig. 14 Illustrates a case 
viiere investigation is performed in ocMitlnuous fashion along 
the same path of travel as Fig, 12 and Fig. 13, li^t 
detection and judgemait being carried oat in real time. 

The investigation of the presGritoed region in the 
vicinity of the provisional refenmoe measuremait point 12, 
talcing this provisional reference point 12 as an origin, may 
be conducted in various ways other than the esxanples described 
above, for example, it may also be conducted in the fashion of 
similarly-s5h^)ed concentric quadrilaterals, or in concentric 
circular fashion. 

The af orementicxied processing for autonnatically 
investigating (performing spectral detection and judgement) 
and determining measurement points is conducted at all the 
provisional reference measurement points 12 and the respective 
vicinities thereof, and as shown in Fig. 19, a total of 10 x 
10 = 100 measurement points 13 are determined on one chip. Uie 
co-ordinate values for each measuremait point 13 thus 
determined are stored in staring means (not illustrated) , in 
the fona of positional co-ordinates from a refermce point 
(reference position mark) 27 (see Fig. 20) on that chip, for 
exarrple. 

Here, since each chip on the single wafer corprises the 
same thin film device, the operaticxi of automatically setting 
measurement points 13 may be ccHiducted for each chip, or it 
may be conducted for a plurality of chips vvhich are to be 
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subjected to film thidkness nBasuremmt, or, depending on 
cdzcunstancses, it may be csondiKsted one for all the chips. 
Fiirthernore, for wafers coiprising the sane product, it is 
possible to carry out the process of autcraatically determining 
measurement points for the first wafer (first wafer chip) only , 
and to apply the respective measurement point co-ordinates 
determined from the first wafer to the subsequent wafers, but 
according to requirements, it is also possible to iitplemmt a 
process oE autcraatically redefining the measurement points for 
the wafers, at a suitably selected timing. 

Fig. 15 - Fig. 17 show schematic illustrations of a 
display screen of an investigation region, in a case where the 
HI process of autcmatically defining measuranent points as 
u described above was actually implemented by the measuring 
jj: <3evice (film thictoess measuring device) shown in Fig. 32. In 
^1 Figs. 15 to 17, exannples are shown according to the 
investigation sequence shown in the preceding Fig. 10. 

In Fig. 15 - Fig. 17, 15 is an investigation screen 
display window; and 16A - 16G are investigation points (unit 
investigation regicxis for performing spectral detection and 
judgement) . MDreover, the horizcxital black bar markings 
represent a circuit pattern 18 buried in an optically 
transparent thin film forming an r^jpermost layer, and the 
vertical grey bar markings indicate a circuit pattern 19 
buried in a lower transparent film being the thin film that is 
to be subjected to film thickness measurement. 
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Fig. 15 illustrates a case wbeoce investigation points 16A 
corresponding to pnovisiCTial reference measurement points 12 
are investigated, and in this case, since the purpose is to 
neasure the thickness of the transparent film cxi the circuit 
pattern 18 indicated tjy the black horizontal bars, the 
judgement result at the first investigaticxi point 16A vdJJ. 
show a zero pattern surface ratio of cirxxiit pattern 18, and 
henoe this point will be jiadged to be invalid for film 
thickness measurement, as a result of the spectral vjaveform 
analysis and judgement; (without providing a detailed 
es^Oanatixm here, the spectral waveform ccxitaining the li^t 
ccxiponent reflected by the af orem^tioned circuit pattern 19 
in the lower layer differs greatly fixm the spectral waveform 
in the case of the circuit pattern 18, and therefore it can 
readily be extracted and disregarded by the processing and 
jiadging means.) 

Fig. 16 illustrates a situation where the next 
investigation point 16B is being investigated. The judgement 
result at this investigation point 16B, similarly to the 
judgement result for the investigation point 16A, is that film 
thiidaiess measuremait is not possible. In the diagrams, the 
"x symbol within a aLrcle indicates investigation points for 
viiich a judgement result of 'measuren^t not possible' is 
returned. 

Fig. 17 shows a situation where, investigation points 16C 
- 16F have been investigated and similarly judged to be 
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Invalid for measurement, and investigatLon point 16G is now 
being investigated. In the situatiCTi in Fig. 17, the pattern 
surf ac3e ratio at investigation point 16G is equal to or 
greater than a prescribed value, and therefore it is judged 
fron the spectral v?aveform analysis and judgement process, 
that film thickness measurement is possible at this point. 
Tlieceafter, if all the investigation points are to be 
investigated, then a similar process is conducted for each of 
the remaining investigation points. 

By respectively performing the investigation described 
above in the vicinity of each of the provisional rnEerence 
measurement points 12 at the 100 points in the image 21 of the 
\«!hole cJnp in Fig. 18, a total of 100 measurement points 13 
vihicii are guaranteed to a pattern area ratio of the prescribed 
value or above are determined on the chip, as shown in Fig. 19, 

Fig. 20 is a schematic illustraticai of an example of an 
operating screen, in a case vtere the aforementioned 
measurement points are determined autcmatically, and this 
diagram d^icts a situation viiere the image for one chip 
extracted by a suitable enlarging and imaging device is 
displayed on a suitable display device. An operator (wyckBr) 
refers to the di^lay screen shown in Fig. 20 and, by using a 
cajrsor 26, or the like, causes a reference point 27 of the 
chip, for exanple, to be recognized and stored in the control 
sectiCTi of the measuring device shown in Fig. 32, vAierei:?)on, 
taking this reference point 27 as an origin, the operator sets 
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and stores, for exaiple, 10 x lo provisianal refecence 

neasureitient points 12, by ii^tting oo-orxiLnate values via a 
keyboard, or by operating the cursor, or the like. OlieceLpan, 
measuremait points 13 for measuring the film thickness are 
autonatically determined at 10 x lo point by executing the 

series of steps described above. Consequently, the provisional 
reference measurement points 12 may be set readily in a rou^ 
fashion, sudti as equiflistantly, and hence the burden on the 
operator is extremely light. Fig. 21 is an example of a window 
screen for OOTif Intdng the provisional reference measur^iait 
points 12 once set. 

Moreover, it is also possible for an operator to 
determine the points manually, rather than determining them 
autonatically. In this case, for exaiple, a desired point is 
selected by the cursor 26, or the like, as shown in Fig. 20, 
an expanded image of that section is displayed (see Fig. 21), 
and in this state, the <^)erator controls the XY stage, or the 
like, to determine the measurement points. HrLs is similar to 
the prior art, but in order to judge whether or not film 
thickness measuremmt is possible, the spectral waveform 
analysis and judgansnt processing according to the present 
embodiment described above is performed at any positiOTi, and a 
suitable measurement points can be determined by taking this 
as reference information for setting measurement points. 

Next, a further embodiment of the present Invention is 
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descaiLbed. Hiis entxxaiment automatically detesrmLnes 
nieasuremsnt points for film thickness measureitent by suitably 
processing image data captured in the vicinity of a 
pnedetennined provisional reference measuremait point. Fig. 22 
to Fig. 29 shows one example of a processing sequence for 
peicf antdng judgement processing on the basis of the image of 
the vicinity of a provisional reference measurement point 
captured as an enlarged image. Ihe provisiOTal reference 
measuremait points are set in a similar manner to the 
foregoing embodiment. 

Fig. 22 gives a schematic illustration of an image of the 
vicinity of a provisicaial reference measurement point. In Fig. 
22, the circuit pattern 18 indicated by the black harizcntal 
bars is a pattern buried under an i^jpermost optically 
transparent thin f iOm, and the object here is to measure the 
thickness of the transparent film on this ciraiit pattern 18. 
Furthermore, the small circle 33 indicates a measurement field 
regions for measuring the fUm thickness, viiicii is centred on 
the provision reference measurement point. In the case of Fig. 
22, the measurement field regicxi 33 is not positicaied over the 
circuit pattern, and therefore it is judged that film 
thickness cannot be measured. 

Hierefore, edge detection processing is performed with 
respect to the image in Fig. 22, as Illustrated In Fig. 23, 
viiereqpon horizontal line extraction processing is performed, 
as illustrated in Fig. 24. Furthermore, in orxaer to 
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ixrvestigate the distniutLon of the borizoatal lines thus 
extcacted, the image region in Fig, 24 is divided \jp as 
illustrated in Fig. 25, vAiereLixan the distrlbuticffi of 
hoLizcaital l±nes withiii each division is converted to a 
niinerical(quantized) , as illustrated in Fig. 26, and then 
wei^tings for the local density distributiCTi of the 
horizontal lines are ^lied, using a suitable statistical 
calculation method, or the like, as illustrated in Fig. 27, 
vtiecefcy the most suitable regions 36 are determined, viierein 
it is sufficiently guaranteed that the pattern area ratio cxf 
the Giccuit pattern 18 will escoeed a prescnibed value. 

Fig. 28 shows an image vterein the candidate regions 36 
determined as illustrated in Fig. 27 are ocmbined with the 
screen showing the circuit pattern 18 in Fig. 22. In this 
state, by detennining the amount of movement detected \*en the 
X£ stage is moved to control the regions 36 so that th^ enter 
within the measurement field region 33, or the amDunt of 
movement requiired in the positicai of the measurement field 
region 33 in Fig. 28 (Fig. 22) until the measurement field 
region 33 overly with fields 36, it is possible 
automatically to define the measuremmt points where film 
thickness measurement is possible, from the amounts of 
movement thus determined, and the central co-ordinates of the 
measurement field region centred on the provisional reference 
measurement point in Fig. 22 (co-ordinates of the provisional 
reference measurement point). Fig. 29 illustrates the 
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relaticaishJp betweCTi the cdrcuit pattern and the measiireinent 
field regicxi 34 C3entred on an autonatically detennined 
measurement point. 

A further entoodimait of the present invention is now 
desca^Lbed. Tbis eittoodimait autonatically determines 
measuremait points for measuring f iM thickness by data 
processing, such as suitable image paxjessing, of the 
previously detemdned design data for the vicinity of a 
provisional reference measurement point. Ihe provisional 
reference measuremmt point is set in a similar manner to the 
foregoing embodiments, by incorporating design data, suc±l as 
the CAD data for a chip, and displaying this data on a screen. 

In this embodim^t, instead of the c^ytured image data, 
the CM) data for the circuit pattern buried under the 
vipermost optically transparent thin film is obtained, after 
vtiich the measurement points \^iere film thickness measurement 
can be performed are determined automatically by similar 
processing to that illustrated in Fig. 22 to Fig. 29. 

According to the three embodiments described above, it is 
possible to deteamine a plurality of measurement points on a 
ctup for measuring film thickness, swiftly and accurately, on 
the basis of clear, general judgement criteria, without being 
dependent on the es^erience or esipertise of the operator. 
Therefore, it is possible to assess the thin film distribution 
within the chip surface, or the wafer surface, accurately, 
regardless of the expertise of the operator. 
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Next, a method far acxxirately managing film tJiickness by 
means of a small niittoer of measurement points Is described. 
Firstly, the film thickness is measured respectively at the 
measurement points deteoordned by the method described above. 
In this case, the film thickness measurement method is the 
same as the method used to determine the measurement points 
described above. Tha measurement results can be conveyed to 
the operator by displaying the measured film thickness 
distribution in the chip surface or the measured film 
thickness distribution in the wafer surface, on a monitor 
Jj! screen. 

Hie film thickness can be controlled by evaluating the 
|m film thickness distribution of each of the measurement points 
Ci thus obtained. In this case, to manage the film thickness 

i 

ftj accurately using a small nuriber of measurement points, it is 
S most efficient to measure two points, namely, the maxiram and 
miniiam point of the film thickness. In Fig. 30, mineral 37 is 
an iUnstration where the film thickness distribution in one 
chip is indicated by contour lines, based on the measurement 
results for 10 x 10 = 100 points, for exarrple, and the 
sections indicated by max and min denote the regions of 

maxiiriin and mini raun film thickne ss. Iherefore, as shown in Fig. 
31, these max and min points should be selected as the minimum 
number of measurement points 41 for controlling the film 
thickness In the chip. Furthennore, if mDre accurate 
evaluation is required, then as indicated by the enlarged 
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diagrams 38, 39 in Fig. 30, it is possible to achieve more 
jxrecise control by assessing the film thickness in the 
respective max and min regions at fine intervals, in order to 
determine the position of the maximun and minimum film 
thickness. It is also possible to i3se evaluation points 
outside the maximLm and miniman regions of film thickness, in 
order to control the film thickness losing a small nuriber of 
measurement points. 

Fig. 33 is a diagram showing a manufacturing line for 
thin film devix::es to vihidi the measuring device in Fig. 32, in 
jSj other words, a film thickness measuring device, is ^jplied. In 
Ly ^ example depicted here, this device ftmctions both as a 
in device for determining measureirent points for perfonning film 
g thickness measuremait and as a film thijdkness measuring device. 
[|j In Fig. 33, 60 is a film depositicxi device, 61 is a CMP 

g processing system cc3mprlsing a CM> device 62, washing device 
63 and film thickness measuring device 64, 65 is an es^x^sure 
(tevice, and 66 is an etcihing device. 

A wafer (not illiistrated) is repeatedly subjected to film 
deposition, CMP processing, exposure, etching, and the like, 
viiereby the respective chips are fabricated thereon as thin 
film devices. After the first wafer for a certain prxx3uct has 
been film deposited by the film deposition device 60, levelled 
by the CMP device 62 and washed by the washing device 63, it 
is transferred to the film thick ness measuring device 64. Here, 
the operator observes an image of the chip displayed on the 
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clisplay of tiie film thickness measuring device 64, and sets 
pEovlsianal reference measurement points as descECibed above, 
viiereqpon he or she instoxTts the f iJm thickness measuring 
device 64 to implement a process for autcmatically determining 
the measurement points for performing film thickness 
measurement. Receiving this instructiCTi, the film thickness 
measuring device 64 executes processing for autonatically 
deteaitiining the msasuremmt points, as described above, in 
accordance with a pEceviously defined measurennent point 
detennining algorithm. Ihe data for each mBasuremmt point 
thus obtained Is stored in a measurement condition storing 
section 64a, along with other measurement conditions. 
ll^eriK^xMi, the film thickness measuring device 64 measures the 
film thickness at each measurement point, using the data for 
each measuranent point stored in the measurement ccMiditions 
storing section 64a, by means of a similar method to that 
disclosed in Japanese Patent Laid-open Mb. 2000-9437 described 
above, and it determines the film thickness distriJxiticxi. 
the wafer undergoes suitable processing for fabricating thin 
film devices, by means of the ejqxDsure device 65, etching 
device 66, and the like. 

VZhen the next wafer of the same product is transferred to 
the film thickness measuring device 64, the film thickness 
measuring device 64 iitmsdiately measures the film thickness at 
the respective measurement points using the data for the 
measurement points stored in the measurement conditions 
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staring section 64a, and it then cxxiducts processing far 
deteradning the fUm thickness distribution. In this case, far 
siibsequmt wafers of the sane pEroduct, it is possible to 
iinpleraent measurement using a minimLin nunnber of neasuronent 
points, as illustrated in Fig. 30 and Fig. 31, on the basis of 
the data obtained for the film thicskness distribution analysis 
for the first wafer. 

MDreover, the film thickness data and film thickness 
distribution data for each measurenent point as obtained by 
the film thickness measuring dsvice 64 is transferred to a 
COTitrol device (not illustrated) , evaluates and controls 

the processing by referring to this data. 

In the eKanple in Fig. 33 described above, the device 
functions both as a device for determining measurement points 
for perfanning film thickness measuremait, and as a film 
thickness measuring device, but these device may be provided 
separately. Fig. 34 shows one such example. 

In Fig. 34, a plurality of CMP processing systems 61 
perform processing in parallel, each CMP poDooessing system 61 
being provided witii a film thickness measuring desvice 64. 64' 
is a stand-alone type film thickness measuring device provided 
once only for a plural 1 ty of CMP processing sfystems 61, and 
this stand-alone film thickness measuring device 64' functions 
as a device for ejcecuting processing for determining 
measurement points for film thickness measurement, the data 
for the respective measurement points thus obtained being 
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supplied to the respective fiJin thickness measuring devioes 64 
of each CMP processing system 61. 

Needless to say, the function of the stand-alcxie film 
thickness measuring device 64' may also be cariblned in the 
film thickness measuring device 64 of one of the CMP 
processing systems 61. Mcaceover, the film thickness measuring 
devioes do not necessarily have to be incorporated into the 
CMP processing ^stem. 

ite described above, acoanding to the present inventicai, 
it is possible autonatically to determine measurement points 
for measuring the f iJm thickness of transparent film on a 
circuit pattern buried under an optically transparent thin 
film, swiftly and accurately, on the basis of gatieral, 
reliable judgement criteria, vri-thout depending on the 
experience or esqpertise of the operator. Therefore, it is 
possible accurately to assess the film thickness distribution 
in a chip surface or wafer surface, by adopting a measurement 
point determining method of this kind, tiiereby cmtrlbating to 
improved yield rate and throu^:^t. 

Nex±, as shown in Fig. 47, in a manufacturing line for 
semiconductor devices, it is possible to control the 
processing oonditicais of the processing equipment vM.Gh 
processes tlie semiconductor substrate, for exaitple, the film 
forming apparatus, CMP apparatus, exposure apparatus, etching 
apparatus, and the like, by using the measuremmt results for 
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f Um thickness obtained by the method for ireasuring f iOm 
thickness aooording to the present invention. 

In other words, in a maniifacturing process for a 
semiocMiductor device comprising: a fiJin forming step for 
forming a thin film onto a substrate; a CMP step for 
processing the thin fiJm formed on the substrate; an exposure 
step for coating resist onto the processed thin f iJm and 
exposing a pattern therecxi; and an etching step for etching 
the CMP processed thin film using the exposed resist as a 
mask; film thickness measuremait according to the present 
invention is perf onned with respect to a substrate Which has 
undergrae the film fanning step or a substrate which has 
undergone the CMP step, viiereby the thickness of the cptical 
transparent thin film on the substrate is measured to an 
accuracy of 10 nm or less, and the process conditions of at 
least one of the film fanning step, CMP step, esqposure step or 
etching step, can be controlled accoirding to the results of 
this measurement. 

If , as a result of measuring the film thickness, it is 
found that the film thickness varies, then this can be 
considered to have an effect on both the exposure step and the 
etching step. In the case of the exposure stqp, the focus is 
set on any region vd.thin the shot, and then exposure is 
performed, so defects will occur is there is significant 
variation in film thickness. In this case, if the surface 
undulations caused by film thickness variation within the shot 
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oone vd-thin the focal dqpfth o£ the ejqxxsure, at the least, 
then the focal point can be set to an optinun hei^t by 

esvaluating the variation of the film thickness within the shot, 
and haice the tnaldenoe oE defects can be reduced. 

In the case of etching also, if there is signiELcant 
variation In the film thickness, then it may be ocMisidered 
that hole paietration faults, and the lUce, may occur. In this 
case also, ty evalnating the variation of the film thickness 
and optimising the etcliing time, and the lUce, it is possible 
^ to reduce the incidenoe of defects. 

g As regards tbe fito-fbradng st^ also. If, for esxample, 

y vaclatiQQ ia the film thickness after pcOishing is altered 

iff f^xm variatixDn before polishing, then by evaluating the 

» 

Q varlaticHi in film thidkness after polishing, thickness at film 

HI 

!U fanning may be cptintLzed. 

J: By reflecting the measurement results in the conditions 

of various processes, as wall as the CM? process, of course, 
it is possible to reduce the incidence of defects. 

According to the piresent invention, it is possible to 
determine measurement points for cCTitrolling film thickness 
v*u.Gh permit accurate evaluation, automatically and in a short 
period of time, without requiring great proficiency. Mbreover, 
by flying the aforementioned method, yield and throu^^t 
can be iirproved. For example, it is possible to perform hi^- 
precision film thickness control in a CMP step of a method and 
manufacturing line for manufacturing semiconductor devices 
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onto silioan wafers, as descacaJbed above, and hence the 
thixo^^xit of the step can be improved. 

Ihe invimtion may be eidbodied in other specific forms 
withcnit departing from the spirit or essential characteristics 
thereof. Ihe present aitoodlment is therefore to be considered 
in all respects as illustrative and not restrictive, the scxype 
of the invention being indicated by the ^jpended claims rather 
than by the foregoing cfaescription and all changes v^dh come 
vn.thin the meaning and range of equivalency of the claims are 
therefore intended to be entaraced therein. 
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